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In computer science, computational complexity studies mathematical models of computation to quantify the 
relationships of problem inputs to resources needed, typically in terms of time and space needs and orders of 
magnitude relationships (O(f(n)) to the number of inputs. The papers in in this section apply those concepts to 
complex adaptive systems. This is a particularly difficult problem because the emergent and non-linear behaviors of 
complex system often result in multiple relationships with different characterizations that are not always predictable 
and can vary widely. 
 
In order to understand complex systems we must first develop underlying theory and concepts of the systems 
behavior, then construct models of the system that can be used to analyze their characteristics. The papers in this 
section look at these various aspects of conceptualizing, representing and analyzing complex systems. These ideas 
not independent of each other but represent a progression toward understanding beginning with abstraction of 
concepts and modeling that enable analysis. 
 
In order to understand, we must first conceptualize complex patterns of behavior. One example of this is the 
relationship between Quantum Biology (quantum mechanics applied to the study of biology) and Complex Adaptive 
Systems (the study of non-linear self-organizing systems) in the thought provoking “Synchronicity Among 
Biological and Computational Levels of an Organism: Quantum Biology and Complexity” by Maldonado and 
Gómez-Cruz. The paper provides a comprehensive review of both fields and discusses the role of information in 
characterizing these systems. It is also suggests a number of interesting concepts including that life may have started 
out as a classical complex system, and later on evolved some form of quantum behavior. 
 
Many of the papers discuss modeling methods, frameworks and applications promoting both understanding of the 
different approaches available and providing examples to be used in the analysis of other problems. 
 
In an “Approach to Manage Complexity on Internet of Things”, Hernandez-Bravo and Carretero discuss 
modeling the highly interconnected Internet of Things and Smart Cities with various approaches. It begins with the 
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discussion of the simplicity and limitations of traditional hierarchical (tree) representations for these problems and 
suggests that semi-lattice representations may be more appropriate. It then looks at various modeling languages such 
as the web ontology language OWL and other formalisms based on first order logic, suggesting that these are the 
best approach to modeling complex interactions. 
 
We then look at how we can bridge concepts in System Engineering and complexity in “Controlling Design 
Complexity with the Monterey Phoenix Approach” by Giammarco, Auguston, Baldwin, Crump and Farah-
Stapleton. The paper suggests that the Monterey Phoenix representations may provide a more complete model of 
systems that captures behaviors and interactions between the system and its environment better than traditional SE 
approaches. 
 
Highland presents both an example of an important real-work complex system and an approach to modeling its 
complex component, environment and behavior interactions with NetLogo Agent-Based Modeling tools in 
“Modeling Complexity in Multi-modal Adaptive Survey Systems”. 
 
Combining modeling and analysis of the model is Serpen and Gao’s work on “Complexity Analysis of Multilayer 
Perceptron Neural Network Embedded Into a Wireless Sensor Network”. The paper discusses the mapping of a 
neural network onto a wireless sensor network (a wireless neural network) and analyzes the time, space and message 
complexity of the resulting system. 
  
In an extension on the classic single and multiple objective optimization problems, Curry and Dagli examine 
“Computational Complexity Measures for Many-Objective Optimization Problems”. Many-objective 
optimization methods exhibit complexities beyond traditional optimization problems raising significant 
computational challenges. Their relevance to modeling many complex system problems makes understanding their 
performance characteristics an important area of research. 
 
Taken together, these papers, along with others in the field, lead us to a better understanding of the nature, behavior 
and analysis of future complex systems and bring us closer to the objective conquering complexity. 
 
  
 
